We have modified the periodic acid-Schift staining technique for glycoproteins for use with thin agarose-film electrophoresis membranes. With this procedure, carbohydrate-rich proteins can be detected with negligible background staining and insignificant staining of nonglycoproteins such as albumin and nonglycosylated Bence Jones proteins (free light chains). On the other hand, carbohydrate-rich M components of immunoglobulins M and A in serum and in cerebrospinal fluid from patients with plasma cell dyscrasia are readily detected. The technique is two-to threefold more sensitive than Ponceau S. Glycoproteins in serum and body fluids can be determined as a routine analytical procedure. This staining technique has been extensively used to detect and identify glycoproteins in various support media, including polyacrylamide gels and cellulose acetate (1-6). With current techniques, at least 1 .tg of protein is required for the glycoproteins to be visible after staining with PAS. Attempts to increase the sensitivity of the PAS method have involved such additions as the condensation of dansyl hydrazine with the aldehydes produced by the periodate oxidation (7). However, these additional steps have resulted in strong background staining, thereby complicating the analysis of the electrophoretic patterns.
These procedures, described in detail elsewhere (8), were briefly as follows. We electrophoresed 1.0 L of serum on agarose films (Universal agarose electrophoresis; Corning Medical, Palo Alto, CA 94306) at 100 V for 40 mm with pH 8.6 barbital buffer (containing, per liter, 10.3 g of barbiturate, 350 mg of EDTA, and 1.5 g of calcium lactate; Corning). The resolved protein bands were fixed by the trichloroacetic acid (50 g/L) in the Ponceau S staining solution. For the modified PAS method, we fixed the protein samples on the agarose films by exposing them to a 40/60 by vol mixture of ethanol/dilute acetic acid (50 mL/L) for 15 mm, in a Plexiglas tank.
Staining procedures.
Ponceau S staining has been described (8) . The modified PAS staining technique for glycoprotein was performed as follows: The proteins were oxidized in a 7 gIL solutionof periodic acid in dilute (50 mL/L) acetic acid for 5 mm. Keeping the films immersed minimized exposure of the samples to air. After rinsing the films twice with distilled water, we stained them with 200 mL of Schiff's reagent (stored at 4 #{176}C and brought to room temperature just before use). Excess stain was removed with three 2-mm washes in a 50 g/L solution of sodium metabisulfite in dilute (50 mLIL) acetic acid, freshly prepared before each wash. We then destained the films with methanolic acetic acid (per liter, 50 mL of methanol and 75 mL of acetic acid) for 20 mm and subsequently dried them at 72 #{176}C for 15 mm. To complete the destaining, we soaked the films briefly in two changes of more concentrated methanolic acetic acid (per liter, 500 mL of methanol and 300 mL of acetic acid). After removing excess fluid by draining with gauze and blotting the film with filter paper (Whatman), we air-dried the films at ambient temperature.
Determination
of optimum wavelength for PAS densitometry. Agarose films were cut into 1 x 5 cm strips, which were briefly immersed separately in a 50-fold diluted serum pool. These strips were fixed, dried, stained, and destained with the modified PAS technique described above. Each stained strip was then placed in a 3-mL quartz cuvette and scanned from 360 to 700 nm with a spectrophotometer (Model DBG, Beckman Instruments, Fullerton, CA 97634). The absorbance curves were monitored and recorded with a stripchart recorder.
Glycoprotein quantification.
We also scanned the electrophoretograms at 540 nm with a densitometer ( 
Results
The electrophoretic patterns of serum obtained from normal subjects and from patients with plasma cell dyscrasia (whose tumors secreted M component of 1gM, IgG, or IgA) were studied by the conventional Ponceau S staining method and then compared with those stained by the modified PAS technique (Figure 1) . The background staining with the PAS procedure was insignificant and did not interfere with the electrophoretically resolved protein bands. Our destaining procedures for PAS-stained gels, with the sequential alcohol/acid solution washes, eliminated the usual strong staining background that prevents the detection of weakly stained glycoprotein bands. Figure 1 shows a diagram of a typical pattern, with both albumin and the M components of 1gM, IgG, and IgA intensely stained with Ponceau S. We chose samples with comparable concentrations of M components, to highlight their different reactions with Ponceau S and PAS. In contrast, staining of albumin with PAS was only slightly darker than the background (and often of a different shade), whereas the carbohydrate-rich M components of 1gM and IgA were strongly stained. IgG M component, which has the smallest carbohydrate content, was stained the least.
To quantify the PAS-stained agarose films by densitometry, we determined the optimum wavelength for absorption of the stain. Scanning agarose strips that had been dipped in normal serum showed that PAS exhibited maximum absorption at 540 nm, the wavelength we subsequently used for densitometric measurements.
The electrophoretic patterns obtained from normal serum by the modified PAS and Ponceau S staining methods were directly compared by measuring absorbance at 540 nm for PAS or at the reported optimum wavelength for Ponceau S (525 rim) (10). As Figure 2 shows, PAS enhanced the staining of the glycoprotemn-rich electrophoretic fractions (a1 and a2). Virtually no albumin peak was identifiable with PAS staining, whereas the albumin fraction stained by Ponceau S was the major (>60%) constituent of normal serum proteins. There was no significant difference with respect to staining of the gamma region where most of the By comparing densitometric scans of myeloma serum electrophoretograms, we were able to calculate the ratios of percent M component identified by the PAS method with that detected by the Ponceau S method. We found that the IgG M component, which has the smallest carbohydrate content, had a mean PASlPonceau S ratio of 0.87 (SEM 0.03). The mean (±SEM) ratios for 1gM M component was 2.0 ± 0.8 and for IgA M component was 1.51 ± 0.07.
Discussion
Advantages of this modified PAS technique for sensitive and rapid staining of electrophoresed glycoproteins on thin agarose films include a briefer staining interval, decreased staining of the background, and increased sensitivity. In all, this method takes as little as 3 h, whereas other PAS methods require two to three days to complete (1, 7) . The combination of sequential alcohol/acetic acid washes eliminates the commonly observed strong staining background, which enhances sensitivity. Detection of glycoproteins (e.g., purified myeloma IgA M component) at concentrations as low as 150 ng of protein corresponds to 15 ng of carbohydrate, IgA having been reported to be 10.5% carbohydrate (9) . Previous attempts to amplify the sensitivity of PAS staining by use of fluorescent reagents such as dansyl hydrazine (7) (4) or in serum samples of adenocarcinoma patients (5). This procedure has also been applied in analyzing profiles of polyacrylamide gel electrophoretograms of platelet membrane glycoprotein in myeloproliferative disorders (6) . The modified PAS technique we present can also be used to monitor these glycoprotein markers during various purification steps, and to follow the metabolism of complex carbohydrate-containing molecules in serum and body fluids. We have enhanced the sensitivity with which bands of carbohydrate-containing protein can be detected on agarose gels; a similar advantage may be achieved with other support media (e.g., polyacrylamide, cellulose acetate), thus providing wide general applicability. This study was supported by the U.S. Dept. of HHS, as NIH grants CA06973 and CA24698.
